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Discovery of Inz‘ersz‘e//ar Gas &,,m 3

adio973.bac

Harold Irwin Ewen
and Ed. Purcell

Harvard Univ.,

Feedhorn "”élescope
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~TICAL DEPTH

——

- Fig. 1. Observed 1,6 /s OF absorption spectrum in Cassiopeia 4.
shows 8,000 sec of d: ken with the antenna beam directed at Cassiopeia .4, and the
H%‘m Jine shows 8,0 dit tlv

o #-~w So gt 1

ai Cassioy.eln A.
eoified In Kefs with respe ~aet asgumine
e R OUCIGY W v

ANTENNA TEMPERATURE (K)

. o
6-4' 'a‘ _1;

FREQUENCY DISPLACEMENT (MHz)

Penzias, Jefferts, Wilson 1970, ApJL
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. Radio Probe of cosmic

evolution and Chemistrg

: Unique aclvantage of

SPaCC FBCliO astronomg

utilizes the extremelg

radio quie‘c lunar orbit to stud

H
evolution and examine conten’? of'J diHfuse
ISM
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. Evolwtion and Componenﬁf
of’ 6@850&(5 Universe

Utilizes lunar orbit) shif:lcliné the Sun and the
Earth, ultra wideband, stable systems achieve
an unprececlentecl kigh clgnamicaf range,

credible global spectrum of the universe.

Discover the absor[:)tion trough around Z~20,
characterize the cosmic dawn

2), Carbon structures in space

b) identi?ging |_arge molecules

c)Remove the ditfuse Foregrouncl for cosmologg
studies

Tuesday, February 25, 14
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(Fround Pr?/'ecié
Ground-based Low Frec]uc—:nc Projects
Power spectrum and globa? spec’crum

wave bands at 10 cm and longer.

15 H W Rk P2 H bz SRS
EDGES 100-200 MHz 1x PUKIRZ; EoR USA

MWA 100-200 MHz 16x A 4k K 2% EoR Australia
21CMA 50-200 MHz >20000 fHybh K 2 EoR China
TianLai ~750 MHz TBD BAO China
CHIME 400-800MHZ 5x20mx50m FER K 2 BAO Canada

Tuesday, February 25, 14



Choos /‘/’?\9 ; Fre?aencfe\s S

Min.North

bdd +
e ‘
¥a

residual to 9% order polynomial fit to
(sky noise + receiver + EOR) x EZNEC

Anticenter - \ model of the fat dipole response

oo Vo1 0 o 10 10 1 10 B0 20 20 29
" BT v Frequency (MHz)
B = X EDGES SERATHAIE AT Eg. (Bowman & Rodgers 2010, Kature)fr: /&#)
SIS IR FREHEF, (BDGES BANRE, 2005)

Cal Point

EDGESIZ LIRS

MilkyWay Brlghtness
emperoture

Guzman et al 201
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Redshift, z
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T

Bowman & Rogers 2010,
Nature, 468, 796
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Hydrogen was not
ionized abruptly

When and how the first stars and galaxies ionized the primordial hydrogen atoms
that filled the early Universe is not known. Observations with a single radio
antenna are opening a new window on the process. SEx LETTER R796

JONATHAN PRITCHARD & ABRAMAM LOEB

our hundred thousand years after the
Big Bang, the Universe had cooled
sufficiently for hydrogen atoms to form
Hundreds of millions of years later, the first
stars and galaxies had produced ionizing
violet radiation that broke the hydrog
into their constituent electrons and P
T'his process, termed reionization, marks a
major cosmological phase transition. When
and how rapid this transition was are impor

tant open questions’. On page 796 of this issue,
Bowman and Rogers™ i 1ent a new tech
nique that allows them to rule out models in
which resonization occurs abruptly

I'heir approach uses a simple radio antenna
operating at low frequencies to measure the
absolute radio intensity of the sky. Cosmic
hydrogen atoms can emit or absorb light with
a wavelength of 21 centimetres, a signal that
is stretched (redshifted) on its way to Earth

through the expansion of the Universe’. The

redshifted 21-¢cm hydrogen signal, which
falls within the radio regime, is expected to
cut off at short, observed wavelengths that
correspond to later times when the Universe
was tonized. The authors’ experiment to
detect the global reionization step (EDGES)
searches for the associated spectral step in the
sky’s intensity’

Our knowledge of the epoch of reionization
is surprisingly limited. The kack of ultraviolet
(UV) absorption by diffuse neutral hydrogen
along the line of sight to the most distant qua
sars’ (accreting black holes) indicates that the
Universe is largely sonized at a redshift of Jess
than about 6 — a billion years after the Big
Bang. Yet observations of the cosmic micro
wave background® — radiation left over from
the Big Bang — indicate that the Universe was
filled with neutral hydrogen at much earlier
times. Clearly, a transition must have occurred
from a neutral to an ionized Universe, but even
recent observations of high-redshift galaxies
with the Hubble Space Telescope tell us

Dark ages

Heasng begins

feeuzaton ends

S} FYTTY PP YT T

8l

Pritchard & Loeb 2010,
Nature, 468, 772
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Fron Spac’/e
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. Space SPectroscoPQ Aclvantage

Example: May 2009; 1.2 Orbit
Continuous coverage of submm bands with high
spectral resolution lﬁeterodgne receivers

= L unar Orbit Aclvantage

1) Minimum radio interference in the inner solar

lntegratecl S/N and 5tal:>iht3>> 1/10°

L) NoO atmospherxc !ﬂStBDlllt\lj
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20 10

Berginet al. 2002, ApJ)

Goldsmith, Li,

1 ! 1 1 1 1

£50Iph

- Hydrogen Sulphide L D‘;ogu;; 1

Methanol . & == - = \, 32
[~ Formyl Cation - Manoxlde" Water ] EI_A_: E.E" H@E F‘-J: _Vﬁ; 1’%

@0inethy! EXY 2 Water
[ 'Methanol Sulphur Dioxide ool JBlitenum Gyanide.. . ] )
pap— Witano 1 Herschel Line Survey HEXOS
| |Gyanide Acrylonitrile .
B Fomat ] Discover new molecules

. e.g. Lis et al. 2010,
- “Herchel /HIFI Discovery of
Interstellar Chloronium (H,Cl+)”,

L
' : and many more
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Space g

| unar Based
-DALI (Dark Ages Lunar Interferometer)

10-500 MHz
- ARG (] unar Arrag for Radio Cosmologu) 1 up

DARE's Key Mission Design Features:

 Weak Stabilitr Boundary (WSB) trajectory - requires less AV
for LOI and allows a flexible launch date

to ] O M ‘ IZ « Equatorial, 200km mean orbit altitude - long-period stability
* Low inclination orbit - maximizes Earth occultation y
o

« Launch May 2016 - allows science ops by Dec. 2016

« Baseline Mission 3 years
*Threshold Mission 1 year

| unar Oribt

-Dark Ages Radio Explorer (DARE) : 40 — 160
MHZz

Europe

- Farside Radio E'x]:)lorer with ESA Lunar Lander



Error Buclget o
Light Path ~
beam shape, Calibration, and EMC control

Low l:requencg
Point Source

Time/ l:rec]uencg Domain Characteristic

Build an Ultra-wide Band Recevier

1, Nan, Pan 2012, IAUS29]

Tuesday, February 25, 14



e A

4, NF 55

X~ /2%
(&)

Key Earh y SciencesS -

radio973.bao.ac.cn

IR NN N EETER O Planctary Nebular: C, SHC

M3 is out of Arecibo Coverage o s

329, 1180

OH Mega-Maser Search

FAST has Z.5><Arecibo 5|<9 i
growing IR Galaxg catalogues

Orion Spectral Line Survey

Orion is out of Arecibo 5|<9

Radio Detection of cosmic carbon structures?
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~Equipment Enclosure

~—Alternative Equipment Enclosure
f Square Doughnut

: ~Square Feed
» .27-1.45 GHz

P1]  2054.91898

Ahmed Akgira , Sander Weinreb & William Umbral
“Design and Measurements of Dual-Polarized Wideband

Constant-Beamwidth Quadrup|e~Ridgec:l Flared Florm?;
IEEE Antennas and Propagatlon, 2011
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Main Targeteci Speciﬁca’tions

o f:rec]uencg Ratio

. ngs <50 K

. Flexible Digital Backends 50 - 200MHz
. Best resolution ~ 10 kHz

De\/elopment Plan

. CalteclvNAOCjoint development of UWSF
« NAOC cevelops frontend electronics

« NAOC ce\/eloPs ADC boards

. NAOC delivers backend systems
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Discover New Molecules

m more than 140 interstellar
molecules detected

m FAST . complete line survey
iNn low freqguency radio
bands

s Search for “Prebiotic” and
large organic molecules
(Nan, Li;=diw et alislelhE)
2011)

Cami et al. 2010, 329, 1180
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Lo fre?aency Lires . e’
d Marthi&(ihengalur %

(2010 MNRAS)

§Si gma ]7.5 J g at ] |<m / S 1612 | | 1720

resolution

& McGuinness et al.
201, Nature Nanotechnol., é,

558
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COsmology and Molecule Fxplorer

Universe

cosmological H
spectrum,
recombination ripple

Reveal faint
molecular universe
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St PP b

«Gaseous hgclrogen is the Preclominant component
ot Bgronic matter in the universe.

~

o [ he global signal of HI 21cm line vs redshift seems
to be the most intrifuing target of astroP ngsics N
low Frec]uencg bands.

o aims to utilize the radio quiet space
environment to achieve the first detection or
credible characterization of the Hi glo bal spectrum.

. aims to Provic{e low Freq. radio in\/entorg of
ditfuse 1ISM

Tuesday, February 25, 14



